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(54) Stereoscopic projection system 

(57) A liquid crystal display projection system for 
pictures that can be viewed stereoscopically, compris- 
ing: a source of a repetitive three color sequence of light 
(13); first and second imagers (20, 22) responsive to re- 
spective drive signals representative of the same picture 
from different angles of view; at least a first polarizing 
beam splitter (14) for separating said repetitive three- 
color sequence of light into a P polarized three color se- 
quence of light and an S polarized three color sequence 
of light, said S polarized three color sequence of light 



illuminating said first imager and said P polarized three 
color sequence of light illuminating said second imager; 
a first filter (26) for removing P polarized light directed 
to said first imager; and, a second filter (24) for removing 
P polarized light reflected from said second imager, 
wherein said light reflected from said first imager and 
said lightfiltered by said second filterform a stereoscop- 
ic image when viewed through respective P and S po- 
larizing lenses (70, 80). 
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Description 

[0001] This invention relates to the field of light en- 
gines for projection systems, and more particularly, to a 
light engine architecture that enables stereoscopic 
viewing. 

[0002] The existing technology in projection systems 
is inefficient, requiring major optical systems to trans- 
form the light into a usable form. Arc lamps and other 
similar light sources are by their nature broadband in 
output and therefore generate infrared, ultraviolet, and 
non-primary visible light, as well as the red, green, and 
blue light which is useful for projection. The inefficien- 
cies of color filters used to process this light also leads 
to broader band colors and therefore smaller color 
space. Light sources such as arc lamps also produce 
random "mixed" polarization, and therefore require ad- 
ditional optical system components to handle polariza- 
tion separation. To further enhance "etendue", a com- 
plex system of integrators and collimators are required 
to transform a focused beam from a light source (such 
as an arc lamp) into a uniform rectangular illumination. 
Etendue is generally known as the product of radiant 
flux density and the area of a radiating or receiving sur- 
face. This is used to determine absolute values for the 
emitted (reflected or transmitted) energy, in orderto con- 
trol the overall energy balance. In addition, since light 
coming from the lamps is essentially white, dedicated 
dichroic filters would be necessary to produce red, 
green, and blue light necessary for a projection system. 
As a result of all the hardware required to overcome the 
problems described above, a large, bulky optical system 
would be needed for the purpose of achieving adequate 
through-put of light through a typical light engine. Even 
with all the existing schemes to increase the throughput 
of light through a light engine, the best systems achieve 
between 40-60% throughput. Many existing systems 
use a single LCOS panel for each color, and attempt to 
maximize the illumination with the appropriate polariza- 
tion using polarization recovery systems, such as PBS 
arrays and other expensive or inefficient schemes. 
Thus, a need exists for a light engine which substantially 
increases system through-put in terms of light while add- 
ing minimal cost. 

[0003] Other systems utilize more than one imager or 
panel for each color, requiring at least four imagers. 
Three of the imagers must be aligned with the fourth im- 
ager. Each of the three imagers must be aligned with 
respect to six degrees of movement. This is extraordi- 
narily difficult, not only because the pixel size is on the 
order of only 10 microns, and each respective pixel of 
each imager must be aligned perfectly to enable sharp 
pictures, but each imager is subject to thermal stress 
and movement as the light engine heats up. Thus, a fur- 
ther need exists for a light engine that not only can sub- 
stantially increase system through put, but is much less 
complex and much less expensive to build, align and 
operate. 



[0004] It should also be noted that existing stereo- 
scopic displays typically require special glasses for 
viewing the stereo image. Several techniques have 
been around including using Red and green to separate 

s left and right eye images of a monochrome picture. This 
should work if you have a red/green viewer. Another 
technique is frame sequential left and right eye images 
with glasses that incorporate LCD shutters that switch 
in synchronism with the image. The glasses are active 

10 and so require power and control circuitry, and a timing 
signal from the display. Another technique involves po- 
larization to separate the left and right eye images. This 
, is the technique used in the cinema. Its use with elec- 
tronic displays is less prevalent but can be implemented 

is using an electrically switchable polarizer in front of the 
display and frame sequential images. The implementa- 
tion would be comparable to the LCD where a filter 
would be used to obtain color in frame sequential CRT 
displays. The latter two approaches require frame se- 

20 quential left and right images. It is essential that no re- 
sidual image from one eye remains on the display when 
the image is switched to the other. Thus with present 
technology they can only be implemented with fast CRT 
displays. Thus, a further need exists for a method of 

25 viewing a stereoscopic image using polarization that 
would not require specialized lenses. 
[0005] In a first aspect of the present invention, a de- 
vice for generating a stereoscopic image using a liquid 
crystal display projection system comprises at least a 

30 first imager and a second imager and at least a first po- 
larizing beam splitter for substantially separating P po- 
larized light from S polarized light and directing the P 
polarized light to the first imager and the S polarized light 
to the second imager. The system further comprises a 

35 first fitter for filtering out a substantial portion of any P 
polarized light reflected from the first imager and a sec- 
ond filter for filtering out a substantial portion of any P 
polarized light in the S polarized light split out by the at 
least first polarizing beam splitter. 

40 [0006] In a second aspect of the present invention, a 
light engine arrangement for generating a stereoscopic 
image comprises at least a first imager and a second 
imager and a means of substantially separating P po- 
larized light from S polarized light and directing the P 

43 polarized light to the first imager and the S polarized light 
to the second imager. The light engine arrangement fur- 
ther comprises a first niter for filtering out a substantial 
portion of any P polarized light reflected from the first 
imager and a second filter for filtering out a substantial 

so portion of any P polarized light in the S polarized light 
split out by the means of substantially separating. 
[0007] In a third aspect of the present invention, a 
method of '/iewing a stereoscopic image using polariza- 
tion comprises the steps of driving a first imager with a 

55 first image signal modulated for S polarization and driv- 
ing a second imager with a second image signal modu- 
lated for P polarization, wherein the first image signal 
and the second image signal combined provide a ster- 
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eoscopic view for projection by a projection lens. The 
method further comprises the steps of injecting unpolar- 
ized light into the system and separating. P polarized 
light from S polarized light from the injected unpolarized 
light. Additionally, the method further comprises the 
steps of directing the P polarized light to the first imager 
and directing S polarized light reflected from the first im- 
ager toward the projection lens after filtering the reflect- 
ed S polarized light for stray P polarized light and direct- 
ing the S polarized light toward the second imager after 
filtering the S polarized light for stray P polarized light 
and directing reflected P polarized light reflected from 
the second imager toward the projection lens. 
[0008] FIG. 1 is a block diagram of a light engine ar- 
chitecture in accordance with the present invention. 
[0009] FIG. 2 is another block diagram of a light en- 
gine architecture using Wire Grid Polarizer in accord- 
ance with the present invention. 

[0010] FIG. 3 is a flow chart illuslrating a method of 
increasing brightness in a light engine and optionally be- 
ing able to view images stereoscopically in accordance 
with the present invention. 

[0011] FIG. 4 is a block diagram of the light engine 
architecture of FIG. 1 displaying information corre- 
sponding to a right eye image with a first imager in ac- 
cordance with the present invention. 
[0012] FIG. 5 is a block diagram of the light engine 
architecture of FIG. 1 displaying information corre- 
sponding to a left eye image with a second imager in 
accordance with the present invention. 
[0013] Referring to FIG. 1 , a novel architecture 1 0 for 
generating a stereoscopic image using polarization with 
a light engine is shown. The architecture disclosed fur- 
ther significantly increases system throughput in terms 
of light brightness. While existing systems attempt to in- 
crease throughput using a single panel or imager, the 
present invention utilizes at least a second panel or im- 
ager. Adding a second panel to the system, and using 
a color wheel as is done with Digital Micromirror Device 
(DMD)-type systems effectively doubles the total lumi- 
nous flux. Unpolarized light is injected into the system. 
P polarized light is separated from S polarized light at 
the first PBS, wherein P polarized light goes to one im- 
ager and S polarized light goes to another one. Hence 
there is a polarization recovery operated by the addition 
of one imager or panel. The cost penalty is that the ad- 
dilional panel is needed, and a method of achieving 
proper alignment of the two separate imagers is re- 
quired. The cost of an additional imager is well offset by 
the overall savings in cost. The two panels can be driven 
with the same signal to enhance system throughput, for 
example doubling the light output. Alternatively, the two 
imagers can be driven by two different signals to obtain 
the stereoscopic effect previously mentioned. 
[0014] Such a system achieves the advantages of re- 
ducing complexity and cost because the invention can 
be embodied with only two imagers, and can provide 
almost as much light through put as systems having four 



or more imagers. 

[0015] A liquid crystal display projection system, ar- 
chitecture or system .1 0.comprises at least a first imager 
22 and a second imager 20. Preferably, these imagers 
5 are liquid crystal on silicon (LCOS) display devices. The 
system 1 0 can further comprise at least a first polarizing 
beam splitter 1 4 for substantially separating P polarized 
light from S polarized light and directing the P polarized 
light to the first imager 22 and the S polarized light to 

10 the second imager 20. Additionally, the system compris- 
es a first filter 26 for filtering out a substantial portion of 
any P polarized light reflected from the first imager 22 
and a second filter 24 for filtering out a substantial por- 
tion of any P polarized light in the S polarized light split 

'5 out by the at least first polarizing beam splitter 14. Pref- 
erably, the system includes four PBSs including the first 
PBS 1 4, a second PBS 1 8 for directing S polarized light 
split from the first PBS toward the second imager, a third 
PBS 16 for directing S polarized light reflected from the 

20 first imager towards a fourth PBS 20, wherein the fourth 
PBS 20 directs S polarized light reflected from the first 
imager and P polarized light from the second imager to- 
wards a projection lens 28. In such a system, the liquid 
crystal display projection system 10 would further pref- 

25 erably include a first quarter wave plate 23 between the 
third PBS 1 6 and the first imager 22 and a second quar- 
ter wave plate 21 between the second PBS 1 8 and the 
second imager 21 . It should be understood that the use 
of quarter wave plate could be obviated in a system us- 

30 jng a wire grid polarizer as will be further discussed be- 
low. The system further comprises a source of unpolar- 
ized light 1 2 such as an arc lamp and rotatable color 
wheel 13 placed between at least the first PBS and the 
source of unpolarized light. The lamp and color wheel 

35 are a means for supplying a repetitive sequence of 
colored light, for example red, green, blue, red, green, 
blue and so on. The rotating wheel and corresponding 
drive signals supplied to the imagers are synchronized 
as is known in the art. 

40 [0016] One basic advantage of the system of the 
present invention is that even if the etendue is increased 
by the polarization splitting, it does not end up in a loss 
of brightness as a second imager is used to increase 
the system's etendue and match it to that of the illumi- 

45 nation when signals S1 and S2 are the same drive sig- 
nal. Alternatively, signals S1 and S2 can be different in 
order to produce a polarization based stereo vision ex- 
perience. In the stereoscopic embodiment, the user 
needs only polarizing glasses, not LCD shutters. This 

so dual panel system would require added mechanical 
complexity and alignment for the second panel and the 
corresponding drivers for the panels. 
[0017] Referring again to FIG. 1 , the first filter 26 and 
second filter 24 advantageously and substantially in- 

55 crease image contrast, a significant problem in the prior 
art because there can not be an analyzer at the output 
just before the lens or a clean up polarizer at the input. 
The first and second filters serve as clean up polarizers 
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in each channel. The role of these clean up polarizers 
are discussed further on a numerical example in the al- 
ternative embodiment, discussed below regarding wire 
grid PBSs instead of glass PBS. It should be understood 
within contemplation of the present invention that addi- 
tional filters could be used. For example, additional fil- 
ters (not shown) between the interface of PBS 14 and 
PBS 16 and between the interface of PBS 18 and PBS 
20 could even further improve contrast as well and clean 
up the illumination from further unwanted polarization. 
These filters could be dye type or wire grid polarizers. It 
should also be noted that filters or polarizers set in the 
light reflected off the imagers act as analyzers that are 
used to clean up residual polarization from the imagers 
(see filter 26 or a filter (not shown) located between PBS 
1 8 and PBS 20). Since imagers are imperfect and could 
reflect back elliptical polarized light instead of linear 
light, the additional filters described herein would be 
suitable when the PBSs in the imaging path of the light 
do not clean enough of the residual polarization. 
[0018] Referring to FIG. 2, the light engine arrange- 
ment or system 50 can be made out of wire grid polar- 
izers (WGPs) made by the company Moxtek. A WGP is 
constructed by forming a series of closely-spaced alu- 
minum bars on a glass substrate. In other words, a WGP 
is constructed of a thin layer of aluminum wires on a 
glass substrate that makes for an exceptional PBS. As 
with PBSs, this grid reflects light of one polarization state 
while transmitting light of the orthogonal polarization 
state. This reflective property coupled with the WGP's 
rugged construction enables many new uses in projec- 
tion systems. WGPs are less expensive than glass PB- 
Ss. The WGP as shown can be constructed in sheet for- 
mat or sandwiched between other components. For a 
wire grid PBS, the typical transmission of P-polarized 
light is of 85% (blue channel, incidence angle of 45 de- 
grees), so that 15% of P-polarized light is reflected off 
the PBS. The system 50 includes the wire grid polarizer 
52 and a first imager 56 in a direct path for the illumina- 
tion where arrow 51 represents the unpolarized light 
provided as an input into system 50. A second imager 
58 receives illumination on an all-reflected path. For the 
direct path, 0.85 2 = 0.7225 of the P polarized light from 
the input illumination reaches the first imager 56. In a 
black state, the first imager reflects ideally all that light, 
and on the output, it bounces twice on the WGP 52 be- 
fore going out of the system. Hence, the black stale light 
throughput is 0.85 2 x 0.1 5 2 . For a white state, the first 
imager 56 is rotating the polarization to S, and then as 
the typical reflection coefficient for S is of 0.0033, the 
white state light throughput is 0.B5 2 x 0.9967 2 , so that 
the contrast is finally 0.9967 2 / 0.15 2 = 44:1 , where con- 
trast is determined by dividing the white state light 
throughput by the black state light throughput. Unfortu- 
nately, contrast ratio is extremely low. A similar calcula- 
tion gives exactly the same result for the other channel. 
The main contributor to the low contrast is the P reflect- 
ed light on both wire grid PBSs represented by the 



dashed arrows. 

[0019] The present invention enhances the contrast 
by canceling, the two reflected P. polarization states in 
both channels by adding clean up polarizers or filters 

5 54. Dye polarizers could be used if the irradiance on 
their surface does not destroy them, but preferably wire 
grid polarizers are used such as the Proflux brand WGP. 
Preferably, a high transmission WGP can be oriented 
so that it just transmits 0.10% of P light and could be 

io placed after the first reflection of P polarized light in both 
channels. In this case, the black level falls down to 0.85 2 
x 0.15 2 x 0.001 , and the white state to 0.85 2 x 0.9967 2 x 

0. 835, where 0.835 is the typical transmission of the 
high transmission wire grid polarizer for the white state 

is polarization. The contrast in this case is above 35000: 

1 . Thus, without the clean up polarizers or filters 54, loss 
of contrast will result due to a high residual reflection of 
P-polarized light in the black state. With the clean up 
polarizers, the contrast can be boosted by a factor of 

20 500-1 000. The use of WGPs in the embodiment of FIG. 
2 also obviates the need to use quarter wave plates as 
was used in the embodiment of FIG. 1 where conven- 
tional glass PBSs were used. It should also be noted 
that the grids having wires 53 and 55 on the WGPs 52 

25 and 54 respectively should preferably be oriented as 
shown in FIG. 2 

[0020] Referring to FIG. 3, a flow chart illustrating a 
method 100 of increasing brightness in a liquid crystal 
display projection system is shown. At step 102, unpo- 

so larized light is injected into the system. Optionally, at 
step 103, the first imager and the second imager could 
be driven with different signals to produce polarization 
based stereo vision. As another option at step 1 04, the 
unpolarized light could be subjected to a rotating color 

35 wheel before injecting the unpolarized light into the sys- 
tem. Then, P polarized light is separated from S polar- 
ized light from the injected unpolarized light at step 1 05. 
At step 106, the P polarized light is directed to a first 
imager and reflected S polarized light reflected from the 

40 first imager is directed toward a projection lens after fil- 
tering the reflected S polarized lightforstray P polarized 
light. As previously shown in FIG. 2, the dashed arrows 
illustrate the stray P polarized light. At step 108, the S 
polarized light is directed toward a second imager after 

45 filtering the S polarized light for stray P polarized light 
and directing reflected P polarized light reflected from 
the second imager toward the projection lens. Al this 
point, light reflected from the first and second imagers 
can be combined at step 110. If the images were mod- 

50 ulated appropriately, the first and second images can be 
combined to provide a stereoscopic image using polar- 
ization. 

[0021] Referring to FIGs. 4 and 5, the first imager 22 
displays information corresponding to a first image in- 
55 tended for a right eye of a viewer. The second imager 
20 displays information corresponding to a second im- 
age intended for a left eye of a viewer. This arrangement 
results in S polarized light directed to the right eye and 
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P polarized light directed to the left eye. To filter any un- 
wanted P polarized light that would go to the right eye 
of the viewer or any unwanted S polarized light going to 
the left eye of the viewer, the viewer would wear polar- 
ized glasses. The polarized glasses would have a po- 
larizer 70 oriented so that only S polarized light would 
reach the right eye and another polarizer 80 oriented so 
that only P polarized light would reach the left eye. Of 
course, it should be understood within contemplation of 
the present invention that stereoscopic images could 
equally be generated and viewed by reversing the cor- 
responding polarizations and images as needed. 
[0022] It should be understood that the present inven- 
tion could described in a myriad of different other ar- 
rangements within the scope of the claims or that other 
imagers could be used other than LCOS microdisplays 
as described herein. Although the present invention has 
been described in conjunction with the embodiments 
disclosed herein, il should be understood that the fore- 
going description is intended to illustrate and not limit 
the scope of the invention as defined by the claims. 



Claims 

1. A liquid crystal display projection system for pic- 
tures that can be viewed stereoscopically, compris- 
ing: 

means for supplying a repetitive three color se- 
quence of light; 

first and second imagers responsive to respec- 
tive drive signals representative of the same 
picture from different angles of view; 
at least a first polarizing beam splitter for sep- 
arating said repetitive three-color sequence of 
light into a P polarized three color sequence of 
light and an S polarized three color sequence 
of light, said S polarized three color sequence 
of light illuminating said first imager and said P 
polarized three color sequence of light illumi- 
nating said second imager; 
a first filter for removing P polarized light direct- 
ed to said first imager: and, 
a second filter for removing P polarized light re- 
flected from said second imager, 

wherein said light reflected from said first im- 
ager and said light filtered by said second filter form 
a stereoscopic image when viewed through respec- 
tive P and S polarizing lenses. 

2. The system of claim 1 , wherein the first imager and 
the second imager are liquid crystal on silicon 
(LCOS) display devices. 

3. The system of claim 1 , comprising only said first and 
second imagers. 



4. The system of claim 1 , wherein the system further 
comprises a projection lens. 

5. The system of claim 4, wherein the at least first po- 
5 larizing beam splitter (PBS) comprises four PBSs 

including the first PBS, a second PBS for directing 
S polarized light split from the first PBS toward the 
second imager, a third PBS for directing S polarized 
light reflected from the first imager towards a fourth 
'0 PBS, wherein the fourth PBS directs S polarized 
light reflected from the first imager and P polarized 
light from the second imager towards the projection 
lens. 

'5 6. The system of claim 5, wherein the system further 
comprises a first quarter wave plate between the 
third PBS and the first imager and a second quarter 
wave place between the second PBS and the sec- 
ond imager. 

20 

7. The system of claim 4, wherein the at least first po- 
larizing beam splitter (PBS) comprises a wire grid 
polarizer. 

25 8. The system of claim 3, wherein the system further 
comprises a color wheel placed between at least 
the first PBS and the source of unpolarized light. 

9. The system of claim 1 , wherein the liquid crystal dis- 
30 ptay projection system further comprises a pair of 

polarizing glasses worn by a viewer of the device 
wherein the polarizing glasses has a right lens po- 
larizer oriented to allow only S polarized light 
through and a left lens polarizer oriented to allow 
35 only P polarized light through. 

10. The system of claim 9, wherein the S polarized light 
passing through the right lens polarizer corre- 
sponds to the right image and the P polarized light 

*o passing through the left lens polarizer corre- 
spondes to the left image. 

11. A light engine arrangement for generating pictures 
that can be viewed stereoscopically, comprising: 



only first and second imagers responsive to re- 
spective drive signals representative of the 
same picture from different angles of view; 
means for substantially separating P polarized 
light from S polarized light and directing the P 
polarized light to the first imager and the S po- 
larized light to the second imager; 
a first filter for removing P polarized light direct- 
ed to said first imager; and, 
a second filterfor removing P polarized light re- 
flected from said second imager, 

wherein said light reflected from said first im- 



20 
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ager and said light filtered by said second filter form 
a stereoscopic image when viewed through respec- 
tive P and S polarizing lenses. 



19. The method of claim 17, further comprising the step 
of reflectively modulating only two polarized light 
beams during said modulating step. 



12. The light engine arrangement of claim 11, wherein 
the system further comprises a source of unpolar- 
ized light 



13. The light engine arrangement of claim 12, wherein 

the means for separating comprises a polarizing »o 
beam splitter (PBS). 

14. The light engine arrangement of claim 13, wherein 
the system further comprises means for supplying 

a repetitive three color sequence of light. is 



15. The light engine arrangement of claim 11 , wherein 
said separating means comprises a wire grid polar- 
izer. 

16. The light engine arrangement of claim 11, wherein 
the means of substantially separating comprises 
four polarizing beam splitters (PBSs) including a 
first PBS, a second PBS for directing S polarized 
light split from the first PBS toward the second im- 
ager, a third PBS for directing S polarized light re- 
flected from the first imager towards a fourth PBS, 
wherein the fourth PBS directs S polarized light re- 
flected from the first imager and P polarized light 
from the second imager towards a projection lens. 

1 7. A method for generating pictures that can be viewed 
stereoscopically, comprising the steps of: 



separating a repetitive three colored sequence 35 
of light injected into the system into a P polar- 
ized three colored sequence of light and an S 
polarized three colored sequence of light; 
reflectively modulating said S polarized three 
colored sequence of light and said P polarized 40 
three colored sequence of light separately, but 
responsive to the same drive signal; 
removing stray P polarized light from said S po- 
larized light before said modulating step; 
removing stray P polarized light from reflected « 
S polarized light after said modulating step; 
and, 

illuminating a projection lens with said reflec- 
tively modulated and filtered light, wherein said 
light reflected from said first imager and said so 
light filtered by said second filter form a stere- 
oscopic image when viewed through respective 
P and S polarizing lenses 

18. The method of claim 1 7, further comprising the step 55 
of generating said repetitive sequence of colored 
light. 
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